Numerical Modeling of a Solid Oxide Membrane Reactor for Intermediate Temperature Solid Oxide Electrolysis for Hydrogen Production  by Dumortier, M. et al.
 Procedia Engineering  44 ( 2012 )  379 – 380 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.422 
(XURPHPEUDQH&RQIHUHQFH
>2&@
1XPHULFDOPRGHOLQJRIDVROLGR[LGHPHPEUDQHUHDFWRUIRULQWHUPHGLDWHWHPSHUDWXUH
VROLGR[LGHHOHFWURO\VLVIRUK\GURJHQSURGXFWLRQ
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,QWHUPHGLDWHWHPSHUDWXUHHOHFWURO\VLVRIZDWHUE\XVLQJSURWRQFRQGXFWLQJFHUDPLFPHPEUDQHV
LVDQLQQRYDWLYHDQGDWWUDFWLYHSURFHVVIRUSURGXFLQJSXUHK\GURJHQ7KLVSURFHVVZKLFKFDQEH
FDUULHG RXW ZLWKRXW QREOH FDWDO\VWV LV OHVV HOHFWULFFRQVXPLQJ WKDQ FODVVLFDO ORZ WHPSHUDWXUH
HOHFWURO\VLV LQDTXHRXVPHGLXP7KH IXWXUHGHYHORSPHQWRIVXFKPHPEUDQHUHDFWRUV UHTXLUHV
LQFUHDVLQJHIIRUWVRQQXPHULFDOVLPXODWLRQ LQRUGHU WRRSWLPL]H WKHKHDWDQGPDVVWUDQVIHUVDV
ZHOO DV WKH HOHFWURO\VLV FHOOV 7KH HOHFWURO\WLFPHPEUDQH UHDFWRU LV FRPSRVHG EDVLFDOO\ RI DQ
DQRGHDQGDFDWKRGHFRPSDUWPHQWVVHSDUDWHGE\DGHQVHVROLGR[LGHPHPEUDQHSHURYVNLWH
:DWHUYDSRULVIHGLQWKHDQRGHFRPSDUWPHQWDQGK\GURJHQLVSURGXFHGDWWKHFDWKRGHZLWKWKH
UHFRPELQDWLRQRISURWRQVFRQGXFWHG WKURXJK WKHHOHFWURO\WH )LJ7KXV LW LVQRWQHFHVVDU\ WR
VHSDUDWH ZDWHU DQG K\GURJHQ LQ FRQWUDVW WR R[\JHQ FRQGXFWLQJ KLJK WHPSHUDWXUH HOHFWURO\VLV
FHOO

)LJ±7UDQVSRUWSKHQRPHQDLQVLGHDSURWRQFRQGXFWLQJVROLGR[LGHHOHFWURO\VLVFHOO
,QERWKFRPSDUWPHQWVWKHHOHFWURFKHPLFDOUHDFWLRQWDNHVSODFHLQVLGHFHUPHWVDW LQWHUPHGLDWH
WHPSHUDWXUH  WR  & DQG SUHVVXUH  WR  EDU &HUPHWV DUH SRURXV FRPSRVLWH
PDWHULDOVPDGHRIDPL[WXUHRIVROLGR[LGHVDQGPHWDO WKHPHWDOHQVXUHVHOHFWURQV WUDQVSRUW
SURWRQV DUH WUDQVIHUUHG WKURXJK VROLG R[LGHV DQG JDVHV IORZV WKURXJK SRURVLW\ YRLGV 7KH
FKHPLFDOUHDFWLRQRFFXUVDWWKHMXQFWLRQRIWKHWKUHHSKDVHVPHWDOR[LGHDQGJDVFDOOHGWULSOH
SKDVHERXQGDU\
)RUWKHPRGHOLQJRIVXFKPHPEUDQHUHDFWRUVZHKDYHWRWDNHLQWRDFFRXQWYDULRXVDQGFRPSOH[
SKHQRPHQDRFFXUULQJVLPXOWDQHRXVO\HOHFWURFKHPLFDOUHDFWLRQHOHFWURQLFFRQGXFWLRQKHDWDQG
PDVV WUDQVIHU 7KHUHIRUH DQ LPSRUWDQW VHW RI HTXDWLRQV DEOH WR GHVFULEH WKHVH GLIIHUHQW
SKHQRPHQDKDYHWREHFRXSOHGWKH%ULQNPDQHTXDWLRQIRUPRPHQWXPFRQVHUYDWLRQWKH'XVW\
*DVPRGHOIRUWKHWUDQVSRUWRIJDVHRXVVSHFLHVWKH%XWOHU9ROPHUHTXDWLRQIRUHOHFWURFKHPLVWU\
DQG2KP¶VODZIRUHOHFWURQLFDQGSURWRQLFFRQGXFWLRQV$QDGGLWLRQDOGLIILFXOW\IRUWKHUHVROXWLRQ
RI WKLVV\VWHPFRPHV IURP WKH IDFW WKDWFHUPHWVSUHVHQWD YDULDEOHFRPSRVLWLRQDQGSRURVLW\
7KHUHIRUHFRQWLQXLW\HTXDWLRQV IRUPDVVDQGFKDUJHKDYHEHHQ UHIRUPXODWHG IRU WKLVPHGLXP
)LQDOO\ EHDULQJ LQPLQG WKH KDUGZRUNLQJ FRQGLWLRQV RI WKH V\VWHP WKH QRQLGHDO EHKDYLRU RI
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JDVHV KDV WR EH FRQVLGHUHG 7KH PRGHO KDV EHHQ VROYHG XVLQJ &RPVRO 0XOWLSK\VLFV 
VRIWZDUH
&DOFXODWLRQ UHVXOWV VKRZHG WKDW WKH HOHFWURFKHPLFDO UHDFWLRQ FDQ EH GLVWULEXWHG DOO RYHU WKH
DQRGH $ SDUDPHWULF DQDO\VLV GHPRQVWUDWHG WKDW WKLV GLVWULEXWLRQ GHSHQGV RQ WKH RSHUDWLQJ
SDUDPHWHUV RI WKH UHDFWRU VXFK DV WHPSHUDWXUH SUHVVXUH DQG UHODWLYH YROXPHWULF UDWLR RI WKH
VSHFLHV ,W DOVRGHSHQGVRQ WKHVWUXFWXUDO SDUDPHWHUVRI WKHHOHFWURGHVXFKDVSRURVLW\ SRUH
UDGLXV VSHFLILF HOHFWURFKHPLFDOO\ UHDFWLYH YROXPH DQG WKH FRQGXFWLYLW\ RI WKH PHWDO DQG WKH
FHUDPLF2WKHUFDOFXODWLRQVSURYHGWKDWLIWKHYHORFLW\RIWKHIOXLGLQVLGHWKHDQRGHFKDQQHOLVQRW
KLJKHQRXJKWKHR[\JHQSURGXFHGDWWKHDQRGHZLOOGLIIXVHEDFNWRWKHLQOHW7KLVREVHUYDWLRQ
FRPELQHGZLWKD3HFOHWQXPEHUDQDO\VLVLOOXVWUDWHGWKDWLQOHWYHORFLW\LVDQLPSRUWDQWSDUDPHWHU
WREHPRQLWRUHG ,WPXVWEHIDVWHQRXJKWRDYRLGVWHDPGHSOHWLRQDQGWRDYRLGWKHGLIIXVLRQRI
SURGXFHGR[\JHQEDFNWRWKHLQOHW)LJ


)LJ±2[\JHQIOX[DFURVVWKHDQRGHFKDQQHOIRUGLIIHUHQW3HFOHWQXPEHUV
1XPHULFDO VLPXODWLRQ PDGH LW SRVVLEOH WR GHWHUPLQH ZKLFK SDUDPHWHUV DUH LQIOXHQWLDO RQ WKH
K\GURJHQSURGXFWLRQDQGZLOOFRQWULEXWHWRLQFUHDVHWKHNQRZOHGJHRQHOHFWURO\VLVFHOOVLQRUGHU
WRRSWLPL]HWKHRSHUDWLRQRIODERUDWRU\XQLWVDVZHOODVVFDOLQJXSWRLQGXVWULDOVL]H
$FNQRZOHGJHPHQWV
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$JHQFH1DWLRQDOHSRXU OD5HFKHUFKH)UDQFH IRU
WKHILQDQFLDOVXSSRUW3URMHFW$15+3$&
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